Introduction
Cancer pain in older people is poorly understood and often undertreated [1] . It remains unclear whether older age is associated with more [2, 3] , less [4] [5] [6] [7] , or no change in cancer pain [8] [9] [10] [11] . Most studies limit their investigation to pain intensity. However, unidimensional measures of pain intensity insufficiently describe the multidimensional experience of pain [12] and may be less sensitive than multidimensional measures of pain qualities to detect age-related patterns [13] . Importantly, many studies were not designed a priori to investigate age-related patterns and thus do not consider factors such as comorbidity and functional autonomy [14] that may underlie age differences. As a result, in these studies, chronological age serves only as a proxy for a myriad of age-related factors [15] . Finally, simple age-based comparisons may obscure heterogeneity across multiple domains of well-being among older people [16] . While it is clear from adult life span research that heterogeneity increases with age across most systems [17, 18] , it may not be limited to older people. However, it remains unclear whether it acts similarly across the adult life span.
Quality of life (QOL), which is broadly conceptualized as subjective well-being in physical, social, and emotional domains [19] , can be hypothesized to be an important source of this heterogeneity. There are age-related patterns in QOL: Older people report worse physical (PH) but better mental health (MH) QOL than younger people [10, 20] . There is also variability in QOL, with some people, regardless of age, being at heightened risk of poor QOL [21] . In other words, although on average older people report worse PH but better MH QOL than younger people, there are nonetheless some older people who experience poor MH QOL and some younger people who experience poor PH QOL. Therefore, an analysis including QOL and its interaction with age would help to clarify age-related patterns in cancer pain and heterogeneity in vulnerability to cancer pain or its impacts across the adult life span. Such an analysis could help us to understand whether the relationship between age and pain and its impacts vary as a function of different levels of QOL. Figure 1 describes these hypothesized relationships in relation to pain outcomes.
Both aging and pain are multidimensional experiences, with sensory, cognitive, affective, and social domains [15, 22] . Although the biopsychosocial model of chronic nonmalignant pain has been extensively studied [23] , until recently, the biomedical model of cancer pain has predominated [24, 25] . However, like nonmalignant pain, the relationship between the extent of cancer-related tissue damage and pain intensity is nonisomorphic [26] . Nonetheless, our understanding of psychosocial factors in the experience of cancer pain is limited [27] , especially in relation to aging. For instance, age-related patterns in interference of pain in physical and psychosocial well-being are unclear, with some studies reporting no relationship with age [4, 28, 29] , others reporting less interference with age [5, 30] and still others greater interference with age [31] . Similarly, while aging is associated with greater depressive symptoms in people with cancer [32] , in the few studies that have investigated this relationship in cancer patients with pain, age-related patterns are not found [10, 33] . It is clear that a better understanding of age-related patterns in psychosocial adaptation to cancer pain is necessary as
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it could identify vulnerability to disability and distress across the adult life span. These adaptation domains may be pain specific, like pain-related interference [4, 10] or pain catastrophizing [34] , or it may be more general cancer symptom severity [35] , distress related to traumatic symptoms or spirituality [36, 37] , or depressive symptoms. Although age-related patterns in adaptation to cancer pain have been described qualitatively [11] , large-scale quantitative studies of most other adaptation domains are unavailable.
The significant gaps in our understanding of age-related patterns have likely contributed to the undertreatment of cancer pain in older people [1] . With the aging population, it is important to improve our understanding in order to manage pain across the adult life span. Therefore, we investigated the relationships between age and cancer pain intensity, qualities, and interference; and physical and psychosocial adaptation, including cancer symptom severity, psychological well-being, and social and relational well-being. We also investigated the interaction between age, as the primary factor of interest, and PH and MH QOL, in relation to these outcomes. We hypothesized that pain and depression would not be related to age. However, we expected that age would interact with PH and MH QOL, revealing age-related heterogeneity in cancer pain and psychosocial adaptation across levels of QOL. Because there was little prior evidence on which to base directional hypotheses, analyses of other domains of psychosocial adaptation to cancer pain were exploratory. As recommended, we report on all measures to limit outcome reporting bias [38, 39] .
Methods

Participants
Participants in this cross-sectional study have been previously described [40] [41] [42] . Briefly, patients attending outpatient clinics at a cancer center or receiving home palliative care were recruited between May 2006 and August 2012. Inclusion criteria were age 18 years or older, advanced cancer, cancer-related pain, and English language ability. Exclusion criteria were documented cognitive impairment and scores lower than 20 on the Short Orientation Memory Concentration Test (SOMC) [43] .
Health care workers identified potentially eligible patients. The research assistant (RA) approached patients and explained the study. Patients who agreed to participate provided written informed consent. The RA administered the SOMC [43] [45] ) at the time of recruitment by asking brief questions and accessing the patient's medical chart. In order to accommodate for potential loss to follow-up and missing data, which is more likely with older than younger people due to declining health and functional limitations [46] , the RA provided participants with a questionnaire package that could be completed in the clinic with the assistance of the RA or taken home to complete. Participants who took the questionnaire package home were provided a postage-paid, pre-addressed envelope. Ethical approval was obtained from the Research Ethics Boards of University Health Network, Mount Sinai Hospital, and York University.
Measures
In order to advance our understanding of the biopsychosocial model of cancer pain, using a framework that is sensitive to a life span developmental perspective, measures were selected based on the available Figure 1 Hypothesized interaction between age and quality of life on cancer pain outcomes. Solid lines represent the state of the evidence describing the relationship between age and cancer pain. Dashed arrows represent hypothesized interaction between age and quality of life on pain outcomes. evidence regarding age-related patterns in chronic nonmalignant pain and psychosocial adaptation to cancer pain [15, 27, 47] .
Demographic and Clinical Factors
Demographic and clinical information included age, sex, primary language, ethnicity, marital status, cancer and pain duration, presence of chronic nonmalignant pain, diagnosis, and all modalities of cancer and pain treatment. The Anticholinergic Drug Scale (ADS) [48, 49] was used to assess the cumulative anticholinergic load of all medications. A score is assigned to each medication based on its anticholinergic potency. Scores are summed to provide a total score. It has been validated against serum anticholinergic activity in older people [49] .
Cognitive Screen
The Short Orientation-Memory-Concentration Test (SOMC) [43] was used as a short cognitive screen. It is a six-item screening measure of cognitive impairment and orientation to time, person and place, and memory. It has been validated for use among older adults [43] and has been used in samples of patients with similar disease characteristics [50] .
Pain Measures
The Brief Pain Inventory (BPI) [51] was used to measure pain intensity and interference. It includes 11-point numeric rating scales (NRSs) anchored with the words "no pain" and "pain as bad as you can imagine" to assess average, worst, least, and current pain intensity. A pain intensity score was calculated as the average of these four questions. The BPI also includes NRSs anchored with the words "does not interfere" and "completely interferes" to assess pain-related interference in general activity, mood, walking ability, work, relations with others, sleep, and enjoyment of life. A pain interference score was calculated from the average of these questions. The BPI has been validated in people with cancer pain [52, 53] . Scores on both scales range from 0 to 10, and higher scores reflect greater pain intensity and interference, respectively.
The BPI is also used to calculate the Pain Management Index (PMI) [54] , an index of analgesic adequacy based on the patient's report of worst pain and the highest level of analgesic prescribed [54, 55] , according to the World Health Organization's Analgesic Ladder [56] . Scores range from -3 to 3, and scores lower than 0 are considered inadequate analgesia [54] .
The Short-Form McGill Pain Questionnaire-2 (SF-MPQ-2) [57] was used to measure pain qualities. It includes 22 items that measure continuous, intermittent, neuropathic, and affective pain qualities on 11-point NRSs. An average of the continuous and intermittent subscales was used to assess non-neuropathic pain. The total score ranges from 0 to 10, and higher scores reflect greater intensity of pain qualities. It has very good psychometric properties in patients with diverse pain conditions [57] [58] [59] [60] . We have demonstrated that the SF-MPQ-2 has an equivalent factor structure in this sample of older and younger patients with cancer pain [42] .
Quality of Life
The Medical Outcomes Study Short Form-36 (SF-36) [61] measures two domains of QOL: The Physical Health Component Score (PCS) measures subjective physical well-being in four subdomains, including physical functioning, role limitations caused by physical health, bodily pain, and general health perceptions. The Mental Health Component Score (MCS) measures subjective mental health and well-being in four subdomains, including mental health, vitality, social functioning, and role limitations caused by emotional health. Scores are transformed to a 0 to 100 scale, and higher scores reflect better QOL. The SF-36 has demonstrated good psychometric properties in diverse samples [62] .
Physical Functioning Measures
The Charlson Comorbidity Index (CCI) [44] was used to measure comorbidities. It predicts mortality based on the presence of 19 co-occurring conditions. It has been used extensively among cancer patients [14] . Higher scores indicate greater comorbid load.
The Karnofsky Performance Status Scale (KPS) [45] is an observer-rated measure of functional status. Patient functional autonomy and ability to participate in their own care and regular activities was rated by the RA on a scale ranging from 100 (normal activity, no evidence of disease) to 0 (dead) through observation and by asking brief questions at the time of recruitment. It has good psychometric properties in people with cancer [63] .
The Edmonton Symptom Assessment Scale (ESAS) [64] measures the intensity of nine cancer-related symptoms with 11-point NRSs. It has good validity and reliability in people with cancer [64] . It has demonstrated a two-factor structure: One that includes physical symptoms (pain, tiredness, nausea, drowsiness, appetite, well-being, shortness of breath) and one that includes psychological symptoms (depression and anxiety) [65] . As the psychological symptom cluster may have poor validity [66, 67] , we constructed an average score of the items assessing physical symptoms. We excluded the pain item in order to reduce the amount of shared variance between other measures of pain intensity and qualities. Scores range from 0 to 10, and higher scores reflect greater symptom severity.
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Psychological Well-being Measures
The Center for Epidemiologic Studies-Depression Scale (CES-D) [68] was used to measure depressive symptoms. It is a 20-item measure of current depressive symptoms and their frequency over the last week. Scores range from 0 to 60, and higher scores reflect greater depressive symptoms. It has been used extensively and has excellent psychometric properties for use across the adult life span [33, 69] .
The Impact of Event Scale (IES) [70] was used to measure symptoms of traumatic stress in relation to patients' treatment. It includes two factors that measure intrusive thoughts and avoidance of thoughts and ideas [70, 71] . It is the most common measure of traumatic stress symptoms in cancer patients [72] . The total score ranges from 0 to 75, and higher scores reflect greater traumatic stress symptoms. It has good reliability among cancer patients with pain [73] .
The Short Form Pain Anxiety Symptoms Scale (PASS-20) [74] was used to measure anxiety reactions to painrelated stimuli. It includes four factors that measure fear of pain, physiological anxiety, escape and avoidant thoughts, and cognitive anxiety. The total score ranges from 0 to 100, and higher scores reflect greater painrelated anxiety. It has good validity and reliability in people with chronic nonmalignant pain [75] .
The Pain Catastrophizing Scale [76] was used to measure excessive attention to pain-related thoughts and negative evaluations of painful sensations. Three factors have been identified that measure rumination about pain, a helplessness attitude toward managing pain, and exaggerated negative appraisals of painful sensations. The total score ranges from 0 to 52, and higher scores reflect greater pain catastrophizing. It has good psychometric properties in people with chronic nonmalignant pain and has been used to measure catastrophizing in people with cancer pain [77, 78] .
The Chronic Pain Acceptance Questionnaire (CPAQ) [79] measures the acceptance of pain. Two factors have been identified that measure activity engagement, or the degree to which people with pain participate in valued life activities despite pain, and pain willingness, or the willingness to experience pain without directing all efforts toward pain control [79] . The total score ranges from 0 to 120, and higher scores reflect greater acceptance of pain. Its validity has been demonstrated in people with chronic nonmalignant pain [79] . We have previously demonstrated good subscale reliability in a subset of this sample [41] .
The Pain Attitudes Questionnaire-Cancer (PAQ-C) [80] [81] [82] was used to measure attitudes toward pain. In a subset of this sample, two factors were identified that measure pain-related stoicism and cautiousness to label sensations as painful [80] . The total scores for stoicism and cautiousness range from 1 to 5, and higher scores reflect greater pain-related stoicism and cautiousness.
The Functional Assessment of Chronic Illness TherapySpiritual Well-Being 12 (FACIT-Sp-12) [83] was used to measure spirituality. It includes two factors that measure a sense of meaning, peace, and purpose in life; and comfort and strength derived from faith. The total score ranges from 0 to 48, and higher scores reflect greater spirituality. It has good validity and reliability with cancer patients [83] .
Social/Relational Measures
The Medical Outcomes Study Social Support Survey (MOS-SS) [84] measures perceptions of social support, regardless of source. It includes four factors that measure perceptions of emotional, informational, tangible and affectionate support, and positive social interaction. It also queries the number of close friends and family, a measure of structural support. Subscale and total scores are transformed to a 0 to 100 scale, and higher scores reflect greater perceived support. It has good psychometric properties in patients with various chronic diseases [84] .
The Multidimensional Pain Inventory (MPI) Caregiver Responses Scale [85] was used to measure patients' perceptions of their significant others' solicitous, distracting, and punishing responses to their pain. Scores for each subscale range from 0 to 6, and higher scores reflect more frequent perceptions of these responses. It has been validated with patients with chronic nonmalignant pain [85] [86] [87] .
The Experiences in Close Relationships Inventory (ECR) [88] was used to measure adult attachment avoidance, the extent to which individuals are uncomfortable with closeness and dependence on others, and attachment anxiety, the extent to which individuals fear rejection and abandonment. Scores on both subscales range from 1 to 7, and higher scores reflect greater attachment anxiety and avoidance. It has good reliability in people with cancer and chronic nonmalignant pain [89, 90] .
The Kansas Marital Satisfaction Scale (KMS) [91, 92] is a three-item measure of marital satisfaction. Scores range from 3 to 21, and higher scores reflect greater satisfaction. It has good psychometric properties [91, 92] .
Statistical Analysis
Data Cleaning and Screening Procedures
Little's Missing Completely at Random Test [93] was used to test whether data were missing completely at random, missing at random, or not missing at random. Data were screened for assumptions of normality, linearity, and homogeneity of variance [94] . A square root transformation normalized the skewed distribution of the MPI Punishing Responses distribution. As findings from the analyses using this transformed scale did not differ from findings with the untransformed scale, results are presented using the untransformed scale for the sake of clarity. There were no cubic or quadratic relationships between age and any of the variables.
Age-Related Patterns
Pearson's correlation coefficients and one-way analyses of variance (ANOVAs) were used to assess relationships between age and demographic and clinical variables, pain, and physical and psychosocial measures.
A series of multivariate regression models tested the interaction of age as the main factor of interest with PH and MH QOL on pain intensity, qualities, and interference, as well as physical and psychosocial adaptation, including cancer symptom severity, psychological wellbeing, and social and relational well-being. As older age was associated with widowhood, lower likelihood of receiving an opioid prescription, greater likelihood of having one or more comorbidities on the CCI, and worse functional status on the KPS [42] , these variables were entered into the models as covariates to account for potential confounding effects [95] . Age was treated as a continuous variable to maximize the power to detect an effect. Product terms were created with centered variables. Variables were entered into the models in blocks: covariates, followed by age, and PH or MH QOL, and then the interaction between age and the relevant QOL variable. Significant interactions were investigated by plotting simple slopes at one standard deviation above and below the mean [96, 97] . Where there was a significant (P 0.05) interaction or main effect of age on a total score, subscales were investigated. As recommended, a Bonferroni correction was not applied to maximize the hypothesis-generating potential of the analyses [98, 99] (i.e., the context of discovery [100, 101] was considered most appropriate for these analyses). Data were analyzed with SPSS version 23.
Results
Participant Characteristics
Recruitment statistics and the participant flow diagram have been reported [42] . Briefly, 397 (73.8%) patients consented to participate. Five (1.3%) patients did not meet the inclusion criteria and were withdrawn. One hundred and twenty-three (31%) participants did not return the questionnaire package due to disease progression (35.8%), death (30.9%), or lack of interest in participating (13.8%). As reported [42] , 269 (67.8%) participants returned the questionnaire package. Participants who returned the questionnaire package were younger and had higher KPS and SOMC scores than those who did not return the questionnaire package. They were also more likely to identify as Caucasian than non-Caucasian, report that English was their primary language compared with another primary language, and have breast or gynecologic cancer compared with other cancers [42] .
Given important sex and cancer type differences on pain and psychosocial adaptation [102] [103] [104] and our preliminary analyses indicating important sex and primary tumor group differences in pain qualities [42] , in the larger study on which this analysis is based, two age groups were formed by matching 105 older (age ! 60 years) and 139 younger (age < 60 years) patients on sex and primary tumor group (total N ¼ 244). We have previously reported details on the matching procedure [42] . The purpose of the matching was to minimize any potential effect of sex or primary tumor group on pain or psychosocial adaptation. Briefly, younger and older participants were matched on sex and primary tumor group, randomly, in a 1:1 matching system. In order to maximize power to detect age-related effects, where there were more older or younger patients in a given sex and primary tumor group (e.g., there were more older than younger men with genitourinary cancers), these additional patients were included in the analysis [42] . Twenty-five patients could not be matched on sex and primary tumor group [42] . These participants were excluded from the analysis. This analysis reports on the 244 participants included in the matched sample, but treats age as continuous variable. This sample size (N ¼ 244) was calculated for the larger study of age-related patterns in cancer pain and its impact. It is sufficient for the planned regression analyses in this study [105] with a moderate relationship between the predictor and outcome variables (a ¼ 0.05 and b ¼ 0.20) [94] .
As reported [42] , participants were age 57.79 6 11.51 years. Most were women (58.2%), Caucasian (78.3%), and reported English as their primary language (84.8%). Although most participants were married or partnered (65.2%), older age was associated with a greater likelihood of widowhood (P 0.05). The most common primary tumor site was gastrointestinal (24.6%), followed by breast (19.3%), lung (18.4%), genitourinary (18.0%), gynecological (13.1%), and head and neck (6.6%). The median duration of cancer was 23.5 (11, 49.8) months, and the median pain duration was 11 (4.5, 22) months. As reported [42] , 35.2% of patients had one or more comorbidities on the CCI and 27% also reported concurrent chronic nonmalignant pain. Table 1 describes participants' scores on the pain measures. Although most patients were prescribed at least one opioid (90.6%), 37.3% reported that their average pain in the last 24 hours was moderate to severe [106] (!5/10 on NRS) and 63% reported moderate to severe worst pain. Almost half (47.5%) experienced moderate to severe pain-related interference. random or missing at random. As these are considered ignorable conditions that allow for data estimation techniques to be employed [107] , expectation maximization was used to impute missing data and scores were calculated using imputed values [94] . Table 1 lists descriptive statistics and correlations with age for each measure. Age was not correlated with any of the pain measures; however, older age was correlated with a lower likelihood of receiving an opioid prescription. Older age was also associated with comorbidities on the CCI and worse KPS but not ESAS Physical Symptom Severity. With the exception of a correlation between older age and lower IES Total scores, age was not correlated with most of the measures of psychosocial adaptation. There was also an interaction between age and SF-36 MCS on ESAS Physical Symptom Severity scores (b ¼ À0.12, P ¼ 0.05); however, post hoc probing of the simple slopes revealed that the relationship between age and ESAS Physical Symptom Severity scores was nonsignificant for people with high (P ¼ 0.34) and low SF-36 MCS (P ¼ 0.07). 
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Effects of Age and the Interaction Between Age and Quality of Life on Pain and Cancer Symptom Severity
Effects of Age and the Interaction Between Age and Quality of Life on Psychosocial Adaptation Factors
Discussion
This is the first study to demonstrate the importance of different QOL domains to elucidate age-related patterns and heterogeneity in vulnerability to cancer pain. Despite a lack of age-related patterns in cancer pain intensity, older age was associated with a lower likelihood of receiving an opioid prescription. When we did not account for opioid prescription, greater comorbidities, and worse functional status with older age, we observed no age-related patterns in cancer pain intensity, qualities, or interference. However, when we did account for these important factors and PH QOL, older age was associated with lower non-neuropathic and neuropathic pain qualities. Most intriguingly, MH QOL interacted with age in relation to non-neuropathic pain such that older age was associated with lower non-neuropathic pain only among those with high MH QOL. Inconsistent with the suggestion that older patients cope better with cancer than younger patients [108] , older age was not associated with better well-being on most indices of psychosocial adaptation. However, when we accounted for age-related patterns in opioid prescription, physical functioning, and QOL, older age was associated with better adaptation on several indices within each of the cognitive, affective, and social domains.
In the sensory domain, consistent with several studies [8] [9] [10] [11] , there were no age-related patterns in pain intensity. This was maintained, even after controlling for QOL, physical burden, and opioid prescription. Agerelated patterns in pain intensity have been inconsistent across the few studies that have controlled for various demographic and clinical factors [4, 8] . Although age was not initially associated with pain qualities, when we considered PH QOL and controlled for comorbidities, functional status, and opioid prescription, older age was associated with lower non-neuropathic and neuropathic pain qualities. This is the first study to consider cancer pain qualities. This is important because measures of pain qualities, particularly the McGill Pain Questionnaire in its various formats [57, 109, 110] , have been shown to be more sensitive than pain intensity scales to detect age-related patterns [13] . The age-related patterns Table 2 Multivariate linear regression models examining the role of age and interaction with physical and mental health quality of life on pain and cancer symptom severity 
Models were adjusted for marital status, receipt of opioid prescription, Charlson Comorbidity Index, and Karnofsky Performance Status Scale. found only on the measure of pain qualities, but not intensity, provide further support for this finding.
The most intriguing findings emerged when we considered MH QOL. Here, older age was associated with lower non-neuropathic pain among those with high, but not low, MH QOL. This suggests that MH QOL may discriminate vulnerability and resilience to cancer pain across the adult life span, thus making it an important proxy of age-related patterns. In other words, accounting for MH QOL as an effect modifier of the relationship between age and non-neuropathic pain may reveal important information about older patients at risk for severe non-neuropathic pain. In a qualitative study of patients with cancer pain [11] , although more older than younger patients described feelings consistent with resilience, there was a subset of older patients who described feelings consistent with vulnerability. Our data suggest that this vulnerability may be reflected by low MH, vitality, and energy, impaired social functioning, and activity limitations due to emotional well-being. Taken together, these findings demonstrate the importance of considering age-related patterns in treatment and physical burden, as well as PH and MH QOL, to elucidate the full spectrum of vulnerability and resilience to cancer pain. These factors may help to explain inconsistencies across prior studies.
These findings also raise an important question: Why is older age associated with lower non-neuropathic pain regardless of PH QOL, when older age is associated with lower non-neuropathic pain only among those with high MH QOL? The determinants of certain aspects of QOL may differ across age groups [111] . Therefore, it may be possible that variability in aspects of MH QOL, rather than variability in PH QOL, better discriminates resilience and vulnerability to cancer pain across the adult life span.
Life span developmental theory may also assist our interpretation. This theory suggests that our ability to adapt to life course disruptions, including advanced cancer and pain, is affected by a host of biopsychosocial factors [112] . Among some older people, adaptation to physical burden may be associated with a unique repertoire of accommodative strategies related to elements of PH QOL, such as ability to participate in necessary and discretionary activities [113] , and perception of general health [114] , which may protect against negative pain outcomes. In contrast, among younger people who may or may not experience physical burden, cancer pain may be inconsistent with normative health expectations and may be perceived as threatening to future life goals [11] . It is interesting that we did not observe a similar pattern of findings with neuropathic pain. It is possible that the aspects of QOL measured in this study do not discriminate resilience and vulnerability to neuropathic pain for younger and older patients. Future studies are needed to identify these factors. In the cognitive domain, older age was associated with fewer intrusive thoughts, regardless of treatment, physical burden, and PH QOL. When we controlled for these factors, older age was also associated with lower painrelated cognitive anxiety and a greater sense of meaning, peace, and purpose in life. Interestingly, Cook et al. [47] found less fear of movement and reinjury in older than middle-aged people with chronic nonmalignant pain. Moreover, there were age-related patterns in the fear-avoidance model of chronic pain. Among older people, fear of reinjury mediated the relationship between catastrophizing and depression, whereas among middle-aged people catastrophizing was directly related to depression. While not directly comparable because of cross-study differences in measures and modeling, taken together these data suggest that there may be age-related patterns in the cognitive domain of pain and its relationship to adaptation, through factors like painrelated cognitive anxiety and catastrophizing. Future research is needed to investigate these interesting agerelated patterns.
Although there may be age-related patterns in the cognitive domain, they do not result in overall better wellbeing in the affective domain for older than younger patients. It has been suggested that older patients are less psychologically affected by cancer than younger patients [108] . In this study, older age was not associated with better well-being on the vast majority of psychosocial well-being measures. Older age was associated with fewer depressive symptoms only when we controlled for treatment, physical burden, and PH QOL. However, statistically covarying out the effects of age-related increases in physical burden and disparities in pain management does not reflect the clinical reality that older and younger patients differ on these factors. Although older age has been associated with fewer depressive symptoms when cancer pain is not considered [32] , among people with cancer pain there are no agerelated patterns [10, 33] , suggesting that cancer pain may override possible protective factors among older pain-free cancer patients [33] . In other words, in the affective domain, pain may be equally punitive for older and younger patients. Studies that investigate the role of pain in the relationship between age and depression in people with and without cancer pain are needed to test this hypothesis.
The only age-related pattern in the social domain was observed in relation to attachment anxiety. The attachment system is activated in response to perceived stressful situations, such as pain in the context of advanced disease [115, 116] . Those with high attachment anxiety attend excessively to threats, magnify their negative implications, and fear rejection and abandonment by significant others [88, 115, 117] . Greater attachment anxiety has been associated with younger age [118, 119] and greater pain and distress [120, 121] . Our data suggest that in the context of advanced cancer and pain the relationship between age and attachment anxiety is contingent on physical health QOL.
This study advances our understanding of age-related patterns in the sensory, cognitive, affective, and social domains of cancer pain in a number of ways. It was designed a priori to investigate age-related patterns and therefore overcomes limitations of prior studies that did not consider the effects of age-related patterns in physical burden. Importantly, this is the first study of agerelated patterns in cancer pain to match younger and older patients on sex and primary tumor group, which accounted for potential group differences in cancer pain [102] [103] [104] . As recommended, we presented results from all measures included in the study to ensure transparency and limit outcome reporting bias [38, 39] . The effect sizes of most of the significant correlations between PH and MH QOL and the outcome measures were in the small to moderate range [122] . None of the correlations exceeded 0.7; thus we avoided potential problems with multicollinearity in the regression models [94] .
Despite these strengths, several limitations must be considered. Most patients received specialized symptom management at a comprehensive cancer center [40] [41] [42] ; therefore it is not clear whether our findings would generalize to other patients with pain who do not receive such care. Nonetheless, consistent with research demonstrating the undertreatment of pain in older cancer patients [1] , even in this comprehensive cancer center, older age was associated with a lower likelihood of receiving an opioid prescription, supporting the representativeness of our sample. This crosssectional study contributes important information to the initial cataloging of age-related patterns in cancer pain [15] . However, the limits of this design preclude interpretations of causality. Longitudinal studies are needed to identify age-related patterns in the trajectory of resilience and vulnerability to cancer pain across the course of the disease and to examine how these age-related patterns impact pain relief and functioning. It can be argued that the exploratory, hypothesis-generating approach that guided our study is problematic because of the risks of type I error and lack of hypotheses about each psychosocial adaptation domain, and that a better approach would have been to test specific hypotheses. However, in considering the available evidence, while it was possible to form hypotheses about agerelated patterns in pain and depression, it was not possible to do so about most other domains of psychosocial adaptation because there is little prior evidence on which to base directional hypotheses. As recommended [98, 99] , in this carefully described exploratory analysis, we did not apply a more conservative level of significance in order to maximize the hypothesisgenerating potential of this study. Nonetheless, these findings should be interpreted with caution due to the multiplicity of analyses. Finally, we investigated QOL as one potential factor contributing to age-related patterns. It will be important for future studies to investigate other variables in order to further clarify the factors that contribute to age-related patterns in pain and adaptation to pain [15] .
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This study addresses an important knowledge gap about age-related patterns in cancer pain and the spectrum of resilience and vulnerability across the adult life span. Rather than simply using age as a proxy for unknown variables, by adopting a life span developmental approach to expanding our understanding of the biopsychosocial model of cancer pain, it takes an important first step toward elucidating these variables. These novel findings establish the necessity of adopting a life span developmental approach as well as considering multidimensional pain outcomes to better understand agerelated patterns.
